Hyphae and ascospores of Eremascus fertilis and E. albus were studied in ultrathin sections. The lateral wall of the hyphae had a thick electron-light inner layer and a thin dark outer layer. The septa had a simple central pore with or without a plug, and there were Woronin bodies in the vicinity. The wall of the ascospores of E. fertilis showed a thick light inner layer and a thin dark outer layer. In the wall of the spores of E. albus a dark fibrillar layer was present between the light inner layer and the dark outer layer. The spores of this species germinated with a tube the wall of which was continuous with a newly formed layer inside the spore wall.
INTRODUCTION
Eremascus is one of the genera of the Hemiascomycetes. These are Ascomycetes lacking ascocarps and ascogenous hyphae (Ainsworth, 1973) . Eremascus species have branched, septate mycelium and no arthrospores or conidia. Gametangiogamy precedes ascus formation; the gametangia are uninucleate and they may intertwine. Generally, eight spores are formed per ascus.
Eidam (1883) first described the genus with a single species, Eremascus albus, isolated from contaminated malt extract. The original strain was lost, but Harrold (1950) described new strains of this species isolated from mustard powder, mincemeat, and jam. A second species, E.fertilis, was described by Stoppel (1907) who isolated strains from apple-and red-currant jelly. Both species can grow on media with a high sugar concentration. Some conspicuous differences between them lie in the shape of the ascospores and the number of gametangial coils.
The taxonomic position of the genus Eremascus in the Ascomycetes, and especially in the Hemiascomycetes, has been the subject of speculation. Eidam (1883) compared the coiling gametangia of E. albus with those of the Gymnoascaceae. Guilliermond (1909) considered the genus Eremascus as a primitive form from which ascomycetous yeasts have developed. Investigation of new features of Eremascus species may yield evidence in favour of these speculations. The present study is concerned with the ultrastructure of the hyphae, especially their septa, and of the ascospores.
MATERIALS AND METHODS
The following strains were examined: Eremascus albus Eidam, CBS 239.50, CBS 300.71, and CBS 975.69; E.fertilis Stoppel, CBS 175.71 .
Preparations of the mycelium were made of cultures grown in small Petri dishes with malt extract (15 ~ Bailing) for 5 days at room temperature. Ascospores ofE. albus came from malt agar (10 o Balling) with 20 7O (w/w) sucrose added or from 50 70 (w/w) glucose-yeast extract agar; ascospores of E. fertilis came from malt agar. A preparation of germinating spores of E. albus was obtained by inoculating ascospores on malt agar previously covered with cellophane in slide cultures, and incubating them for 2 days at 25 C.
The material was fixed with 1.5 7O KMnO4 for 15-20 min at room temperature; it was dehydrated through an ethanol series, and, during dehydration, stained with a saturated solution of uranyl acetate in 100 70 ethanol. Embedding was either in Epon 812, or in Spurr's epoxy resin (1969) . Part of the sections were poststained with lead citrate.
RESULTS
Growth of all strains of Eremascusfertilis and E. albus was slow under various conditions. The colonies on solid media were compact and tough, often with aerial mycelium. E.fertilis grew equally well on malt agar, malt agar with 20 7o sucrose, and 50 7O glucose-yeast extract agar at room temperature. At 25 C growth was scanty or absent. E. albus grew very well at 25 C on 50 7oo glucose-yeast extract agar, rather well on malt agar with sucrose, and slowly or not at all on malt agar.
E. albus occasionally formed thick-walled hyphae, often with round or oval tip cells, especially on malt agar (Fig. 1 ). These chlamydospore-like cells were less frequent on malt agar with sugar added. In both species, the wall of the hyphae had a wide electron-light inner layer and a thin dark outer layer (Fig. 2) . The septa developed centripetally and had a very light middle layer between slightly darker layers. A central pore was pres-
The marker represents 1 ~zm, unless otherwise stated. Fig. 1 . Eremascus albus. Cross section of hypha with very thick wall. 11,000 • Fig. 2 . E. albus. Hypha with septum. The pore is still wide with organelles passing through it. 31,000 x. Fig. 3 . E. fertilis. Plugged pore with Woronin bodies. In one of them a lattice structure is visible. 100,000 x. ent (Figs.2, 4) . The wall around the pore was tapered. The pore was occasionally plugged. On both sides of the septum Woronin bodies were observed. In some of them a lattice structure was visible (Fig. 3) .
Asci in both species were formed after fusion of two gametangia at the tips. The gametangia usually developed laterally on adjacent cells on both sides of the septum. In E. albus they coiled 1-4 times around each other, in E. fertilis they had a single coil or none. The zygote developed into a round or pearshaped ascus with up to eight spores. The strain of E. fertilis sporulated abun- Fig. 4 . E. fertilis. Septum with plugged pore (P) and Woronin bodies (W). 60,000 x. Fig. 5 . E. fertilis. Longitudinal section of young spore. The inner layer of the spore wall is greyish. 20,000 x. Fig. 6 . E.fertilis. Young spore. The inner layer of the spore wall is electron-light. 17,000 x. dantly on malt agar. In two of the three strains of E. albus studied spores were found, especially on 50 ~ glucose-yeast extract agar and on malt agar with 20 sucrose.
In E.fertilis the spores were ovoid and slightly pointed at the poles. Under the light microscope, no internal wall structure was visible. In sections, mature spores had a thick light inner layer and a thin, very dark outer layer (Fig.7) ; in young spores the inner layer was greyish and the outer layer thinner and less dark (Figs. 5 and 6 ). Single spores, released from the ascus, were never observed, Fig. 7 . E. fertitis. Cross section through an ascus with mature spores. The outer layer of the spore wall is very dark. 7,500 • Fig. 8 . E. albus. Very young spore with a thin dark line (L) separating an inner greyish layer from a light layer in the wall. 15,500 x. Fig. 9 . E. albus. Mature spore. 10,000 • Fig. 10 . E. albus. Part of the spore wall in which a light inner layer (I), a dark grey, fibrillar layer (F), and a thin dark outer layer (O) are visible. 30,000 • Fig. 11 . E. albus. Germinated spore with several nuclei (N). 4000 • Fig. 12 . E. albus. Germinated spore. The edge of the spore wall (SW) with three layers is visible. 11,000 • but in old cultures the ascus wall was often indistinct. The spores generally germinated at both poles, and the spore wall was often visible as a cap still adhering to the germ tube.
The ascospores of E. albus were slightly flattened spheres. A distinct outer layer was visible under the light microscope. Sections (Fig. 9) showed a wall with a light inner layer, a dark grey middle layer of about equal width, and a thin dark outer layer. The grey layer had a fibrillar structure (Fig. 10) . Very young spores had around the plasmalemma a greyish layer separated by a thin dark line from an electron-light layer which was again surrounded by a thin dark layer (Fig. 8) . In mature spores this thin dark line separated the light layer from the fibrillar layer.
The spores of E. albus were easily liberated from the ascus. Free spores were generally larger than spores still within the ascus. Most of them germinated at one site, and the edge of the spore wall around the germ tube was visible under the light microscope. Very often, directly after germination, the hyphae branched once or twice. Sections of germinated spores (Fig. 11) showed three layers in the edge of the spore wall (Fig. 12) . The wall of the germ tube was continuous with a new layer developed on the inside of the spore wall (Figs. 12 and 13) . The new layer was very light and visible around the whole protoplast or only part of it. It was often wavy and penetrated the light layer over it. This had become thinner in some places (Fig. 12) . The plasmalemma of the germinating spore was crenulated (Figs. 14 and 15) . Endoplasmic reticulum and vesicles probably originating from it were present in close vicinity of the plasmalemma. In sections of germinated spores several nuclear profiles were visible (Figs. 11  and 12 ). Figs. 14-46,000 x -and 15-26,000 x-. E. albus. The wall of germinating spores. The plasmalemma (PL) is crenulated. Endoplasmic reticulum (ER) and vesicles lie close to the plasmalemma. Fig. 15 shows the new, very electron-light layer (LL) which is continuous with the wall of the germ tube.
DISCUSSION
Eidam's (1883), Stoppel's (1907) and Harrold's (1950) descriptions of the two Eremascus species are comprehensive. The present study mainly adds data on the ultrastructure.
The structure of lateral wall and septum -apart from the pore -agreed with that found in most other Hemiascomycetes. The simple pore with Woronin bodies, considered to be typical of Ascomycetes, is exceptional among the Hemiascomycetes, but may indicate a connection of Eremascus with the Euascomycetes.
Von Arx (1967) described the occurrence of conidia in E. fertilis, but we failed to find them.
Nuclear cytological studies have been made of both species; Stoppel (1907 ) and Guilliermond (1909 ) examined E. fertilis, and Harrold (1950 and Delamater, Yaverbaum and Schwartz (1953) E. albus. They found that the hyphal cells were mostly uninucleate; tip cells, however, always contained many nuclei. The ascospores were uninucleate, but in the germ tube many nuclei were present. These data were corroborated by our electron microscopic observations. The gametangia of both species have been described by the above authors as initially uninucleate. In E.fertilis the nuclei of the two gametangia fused. In E. albus a division of each nucleus into a sexual and an asexual nucleus preceded fusion of the sexual nuclei.
The ascospores of E. fertilis and E. albus showed distinct differences in shape and in the structure of the wall. The wall of the spores of E. albus had an extra layer as compared with that of E. fertilis spores. In both species mature spores gave difficulties in thin-sectioning, even after careful embedding in Spurr's resin, which should penetrate well and is relatively hard. The insufficient penetration is probably due to the nature of the electron-dense outer layer of the spore wall.
The spores of E. albus usually germinated with a single tube, but the wall of the germ tube was continuous with a newly formed layer inside the spore wall. This new layer, which is very electron-light, penetrated the whole spore wall at the site of germination and, elsewhere, its inner layer. This suggests that the spore wall is at least partly dissolved. The difference in electron density between the spore wall and the newly formed wall of the germ tube inside the spore wall probably indicates a difference in chemical composition. This would explain why enzymes dissolving the spore wall, or part of it, do not attack the germ tube wall.
